In this study, panel linear models were used to develop an empirical relationship between metered household water use and the independent variables plot size and theoretical irrigation requirement. 
METHODOLOGY Datasets and data preprocessing
Water use data originally provided by the Lilongwe Water Board for the years 2009-2014 contained monthly records for 11,378 customers. The water use data had been previously screened to remove customers with missing plot size information and to remove irrelevant and irregular monthly consumption records. A detailed description of the steps followed is given in Makwiza & Jacobs () . In the present study, the entire record set for 2012 was discarded because of a significant reduction in water use that occurred in that year due to maintenance works at the Lilongwe Water Board. An additional filter was also applied to the dataset in the present study to remove customers with more than three missing monthly water use records per year in order to create a more balanced panel dataset. This 
Variables for statistical analysis
The dependent variable was the water use given by the average monthly daily demand (AMDD). AMDD was calculated by dividing each customers' monthly consumption by the respective number of days between meter readings.
AMDD was measured in kilolitres per plot per day (kL/ plot/day). It was important to convert monthly consumption to daily averages for the variates to be commensurable since monthly readings were often taken at irregular intervals.
Two independent variables and a product term between the two variables were considered in the analysis. 
Calculation of irrigation requirements (IReq)
A method for estimating irrigation requirements was 
where ET o is the reference evapotranspiration (mm/day), R n is the extraterrestrial radiation (mm/day), T is the mean daily air temperature ( C), T min is the minimum daily air temperature ( C) and T max is the maximum daily air temperature ( C). Crop evapotranspiration, ET c , was calculated from the reference crop evapotranspiration by the following equation (Allen et al. ) :
where K c is a crop coefficient.
A daily soil-water balance was used to restrict effective rainfall to the amount necessary to fill the root zone depth at any time step. The daily theoretical irrigation requirements were estimated by evaluating the following equation
where IR is the net irrigation requirement (mm), ET c is the crop evapotranspiration (mm), r is the effective rainfall (mm), w is the soil moisture depletion (mm) in the root zone and subscript j denotes day of the year. The total available water was calculated from the following equation:
where TAW is the total available water (mm), θ F is the moisture content at field capacity (mm/m), θ PWP is the moisture content at permanent wilting point (mm/m) and Z r is the root zone depth (m).
Effective rainfall at each iteration was calculated as the amount required to fill the root zone depth. Irrigation was assumed to take place when moisture depletion in the root zone depth reached 40% of the total available water at field capacity. The theoretical irrigation requirement in a day was calculated as the depth required to refill the root zone depth. The water balance calculations were performed assuming typical soil and plant parameters of turf growing on a sandy loam soil.
The soil and plant parameter values used in the calculations were adopted from Allen et al. () and are given in Table 2 .
The monthly averaged daily irrigation requirement (mm), IReq, was calculated by the following equation:
where d m is the number of days in the month, IR is the theoretical irrigation requirement (mm) and j denotes the day of the month. 
where α, β 1 , β 2 and β 3 are coefficients, ε is the error term and i and t are indices for customers and monthly time periods respectively.
The FEM controls unobserved heterogeneity between the subjects, customers in this case, by introducing a unique intercept for each subject. The coefficient estimates are, therefore, consistent and unbiased. The FEM estimator, however, drops all time-invariant variables. For this reason, the FEM could not include plot size as an independent variable. The FEM was expressed as:
where u i is the fixed effect specific to customer i that was not included in the model, v it is an independently and identically distributed error term and the other terms are as previously defined.
The REM treats unobserved effects as part of the random error component. The REM therefore does not perform well when prominent variables are missing from the model and may, unlike the FEM, give inconsistent coefficients. The REM was expressed as: 
RESULTS AND DISCUSSION
Current and projected temperature and rainfall 
Regression analysis results
The regression analysis results from the pooled OLS model, FEM and the REM are given in Table 3 . The three model specifications produced very similar coefficient estimates.
All p-values were significant at alpha level of 0.001. The Hence all subsequent analyses were based on the REM since it is a more efficient specification than the FEM. The REM was also preferable to the FEM because its estimates included a coefficient estimate for PSize.
The overall REM was significant (p-value <0.001) and all the model parameters were also significant (p-value Change in water use under future projected climate Table 4 shows the predicted changes in monthly water use between 2009-2014 and 2045-2065 calculated using the fitted statistical model for RCP4.5 and RCP8.5 scenarios.
The predicted rise in annual water use was 1.5% under RCP4.5 and 2.3% under RCP8.5. The highest predicted rise in water use was found in November and December. October is already a crucial month for water supply in Lilongwe 
Uncertainty and limitations of the climate projections
Like any other climate change study, the projected changes in water use are subject to uncertainty from several factors.
There is uncertainty attached to the assumed emission scenarios that drive climate change, the inherent natural climatic 
